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Abstract
Background—Alloimmunization to minor red blood cell (RBC) antigens occurs commonly in
sickle cell disease (SCD). Patients with alloimmunization demonstrate increased risk for new
alloantibody formation with subsequent transfusion. Alloimmunization to human leukocyte
antigens (HLA) can occur with RBC transfusion and may result in graft rejection during stem cell
or organ transplantation. The prevalence and risk factors for HLA alloimmunization in multiply
transfused pediatric SCD patients are unknown.

Procedure—A cross-sectional study of HLA alloimmunization in SCD patients aged 3–21 years
with a history of ≥3 RBC transfusions was performed to test the hypothesis that HLA
alloimmunization is associated with RBC alloimmunization. Antibodies to class I and class II
HLA were measured by Flow Panel Reactive Antibody (FlowPRA®).

Results—Seventy-three SCD patients (30 with RBC antibodies) were tested. HLA antibodies
were detected in 25/73 (34%) patients; class I HLA antibodies occurred in 24/73 (33%) and class
II HLA antibodies occurred in 3 (4%). Among patients with RBC antibodies, 16/30 (53%) had
HLA antibodies, while 9/43 (21%) patients without RBC antibodies had HLA antibodies (OR 4.32
[1.6–12.1]). In a multivariate analysis, antibodies to RBC antigens were an independent predictor
of HLA alloimmunization (P =0.041). The association of RBC and HLA immunization was
strongest among patients with no history of chronic transfusion therapy.

Conclusions—This analysis is the first description of HLA alloimmunization in pediatric SCD
patients who receive primarily leukoreduced RBC transfusions and demonstrates that HLA
alloimmunization tendency is associated with antibodies to RBC antigens.
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INTRODUCTION
Alloimmunization to minor red blood cell (RBC) antigens is a significant complication of
transfusion therapy in sickle cell disease (SCD) that leads to increased risk of hemolytic
transfusion reactions and limits the number of compatible RBC donors, thus restricting
clinicians’ ability to rapidly and safely transfuse RBCs in many situations. Patients with
SCD may have a prevalence of RBC alloimmunization as high as 35–40% in the absence of
minor RBC antigen phenotype matching [1–3]. Although the risk of RBC alloimmunization
in SCD may be related in part to a high number of lifetime transfusions and to minor RBC
antigen phenotype disparity with blood donors [2,4–8], the fact that the majority of multiply
transfused SCD patients do not form RBC alloantibodies suggests that other characteristics
inherent to the individual contribute to alloimmunization. Patients who have become
alloimmunized to one RBC antigen demonstrate an increased likelihood to form multiple
alloantibodies to different antigens with subsequent transfusion [9,10]. Autoimmunization to
RBC antigens in transfused patients is associated with alloimmunization, often occurring
concurrently with RBC transfusion [11–14]. In contrast, factors that may contribute to a
lower risk of RBC alloimmunization include initiation of chronic transfusion therapy at an
early age and splenectomy [15–18]. Ultimately, however, it is not known why some patients
have strong immunologic responses to allogeneic RBCs while other patients with similar
transfusion exposures do not have the same immune response. This immunologic
observation may extend to other important antigens including human leukocyte antigens
(HLA).

HLA alloimmunization following transfusion of leukocyte-reduced (LR) RBCs is an under-
recognized yet possible occurrence. Class I HLA alloimmunization due to RBC transfusion
has been well documented in SCD and other transfused patients [19–21]. The simultaneous
detection of anti-platelet glycoprotein antibodies in these patients and the past use of non-LR
RBC transfusions has led investigators to believe that contaminating leukocytes and platelets
are the main source of HLA exposure in RBC transfusions [22,23]; however, low numbers
of class I HLA also are present on the surface of mature, anucleate RBCs [24,25].
Additionally, the Bennett-Goodspeed (Bg) group of minor RBC antigens has nearly
identical homology to specific class I HLA molecules (A2, A68–69, B7, B57–58) [26,27].
Thus, it is possible that the RBC itself may be the primary source of HLA exposure and
alloimmunization.

HLA antibodies may have serious adverse consequences in allogeneic hematopoietic cell
transplantation (HCT), resulting in rejection of HLA-non-identical grafts [28–30] and
platelet transfusion refractoriness during the pre-engraftment period [31]. HLA
alloimmunization may also impact RBC transfusion therapy, as it has been associated with
decreased RBC survival and hemolysis of allogeneic transfused RBC [32,33]. Although
HLA antibodies may be inconsequential in most RBC transfusions, there is evidence that in
rare circumstances including transfusion of Bg + RBCs, HLA alloantibodies may be
associated with immune-mediated, delayed hyperhemolytic transfusion reactions (DHTR)
[32,34,35].

Understanding the baseline prevalence of specific HLA antibodies and the risk factors for
HLA alloimmunization is requisite to assessing their possible contributions to HCT
complications and to DHTR. Based on the observations that individual SCD patients may
have a tendency toward or against RBC alloimmunization, we hypothesized that patients
with past immunization to RBC antigens either allo- or autoantibodies would also be more
likely to demonstrate HLA alloimmunization. The primary aims of this study were to
determine the association of HLA alloimmunization with RBC antibodies and to assess
associations of HLA alloimmunization with transfusion and clinical history. The secondary
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aim was to assess HLA antibody specificity in order to determine the frequency of HLA
antibodies with potential cross-reactivity to the Bg minor RBC antigens.

MATERIALS AND METHODS
Patient Selection

A cross-sectional observational study of HLA alloimmunization was undertaken in pediatric
SCD patients. Institutional review board approval for this investigation was granted by
Emory University and Children’s Healthcare of Atlanta (CHOA). Patients aged 3–21 years
with a diagnosis of hemoglobin SS or S-β0 thalassemia SCD who had received three or
more lifetime RBC transfusions were considered eligible for enrollment. Eligible subjects
were identified from review of blood bank records and were offered study participation
when presenting for routine health care, without acute complication or SCD crisis. Patients
were excluded from study if they had past platelet transfusions, intravenous immunoglobulin
infusions, HCTor organ transplantation, pregnancy, current fever or bacteremia, or systemic
corticosteroids within the past 3 weeks.

Since 1993, all known patients with SCD transfused in Atlanta have received exclusively
leukoreduced, non-irradiated, packed RBC units that are phenotypically matched for at least
C, E, c, e, and K minor RBC antigens [36]. All RBC units transfused since the year 2000
were pre-storage leukoreduced; however, prior to 2000, LR was performed by filtration
either at the patient’s bedside or prior to storage. Transfusion and medical records were
reviewed to determine patients’ lifetime number of RBC transfusions, history of non-LR
transfusions, and transfusion at hospitals without specific record of LR.

Patients were selected in a case–control fashion to assess the association of RBC
immunization with HLA alloimmunization. Case subjects were defined as those with RBC
alloantibodies and/or autoantibodies ever detected on routine indirect antiglobulin testing.
Control subjects were defined as those with no history of RBC antibodies. Case and controls
were matched for use of chronic transfusion therapy, defined as at least 6 months of routine
RBC hypertransfusion for prophylaxis against SCD complications.

HLA Antibody Detection Methods
Patient serum was screened for anti-HLA immunoglobulin G (IgG) alloantibodies using
FlowPRA® screening test (One Lambda, Inc., Canoga Park, CA), a flow cytometry-based
test that enables simultaneous detection of class I and class II HLA antibodies [37].
Microparticles coated with purified HLA class I or class II molecules, representing the
majority of common HLA antigens in the North American population [38], were incubated
with patient serum. Class I and class II HLA-coated beads are distinguished by size and
unique fluorescent emission properties. Incubated beads were stained with fluorescein
isothiocyante (FITC)-conjugated goat anti-human IgG (Fe fragment specific; Jackson
ImmunoResearch Laboratories, West Grove, PA). Particle fluorescence was analyzed on a
FACScan (Becton-Dickinson, Mountain View, CA) flow cytometer. FITC emission,
indicating HLA antibody binding, was detected by FL1 channel shift. Histograms of FL1
emission for FlowPRA I and FlowPRA II beads estimated the percentage of beads with
bound antibody. The percentage of beads that react with antibody in the patient’s serum is
termed the panel reactive antibody (PRA) activity, which, in broad terms, estimates the
proportion of random population donors to which the patient is alloimmunized. FlowPRA
results are considered positive when ≥3% of beads show FL1 channel shift emission.
Positive FlowPRA screening assays were reflexed to LabScreen® Single Antigen Antibody
Detection (One Lambda, Inc.) for result verification and identification of the specific HLA
antibodies using fluorescent microparticles coated with single HLA antigens. Antibody

McPherson et al. Page 3

Pediatr Blood Cancer. Author manuscript; available in PMC 2013 July 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



binding to single antigen microparticles was assessed by addition of biotin-conjugated anti-
human IgG and phycoerythrin-coated strepavidin and measurement of fluorescent FL2
channel shift.

Statistical Analysis
Based on estimated HLA alloimmunization rates in other transfused populations [19–21], to
demonstrate a case–control odds ratio of ≥4.0 with 80% power and 95% confidence (α =
0.05), a minimum sample size of 72 patients was required. To assess for confounding in
selection of cases and controls, characteristics of case and control patients were compared
by chi-square or Fisher’s exact test for categorical variables and t-test for continuous
variables. For univariate analysis, chi-square comparison and odds ratio calculation were
used to compare the frequency of HLA alloimmunization in RBC antibody case and control
groups as well as secondary categorical variables, including age, chronic transfusion
therapy, lifetime number of transfusions, LR history, time since last transfusion, and
splenectomy. Breslow–Day test was performed to detect interaction of secondary variables
with RBC antibodies; stratified odds ratios were calculated in cases of significant
interaction.

All variables were introduced into multivariate regression models, odds ratios for each
variable were calculated by maximum likelihood estimates analysis, and statistical
significance was determined by Wald chi-square test with significance level of 0.05. To
assess for possible interaction with RBC antibodies, logistic regression was performed
including terms for the interaction of RBC antibodies with current chronic transfusion
therapy and with past chronic transfusion therapy.

RESULTS
Patient Characteristics

Children with SCD presenting to Children’s Healthcare of Atlanta for routine care from
September 2005 to November 2008 were periodically reviewed to identify eligible study
participants. Ninety-six eligible subjects were approached for study participation, and 73 (32
female, 41 male) consented for testing. Among participants, 30 (41%) had previously
detected RBC antibodies (case patients): 16 with only RBC alloantibodies, 8 with only RBC
autoantibodies, and 6 with both RBC allo- and autoantibodies. Fifty (68%) patients were
transfused exclusively in Atlanta, while 23 patients had received past transfusions at other
hospitals (6 with exclusive use of LR units, 7 without exclusive LR, and 10 in whom
exclusive LR history was unknown). Characteristics of case and control groups are
compared in Table I. Age was the only variable not equally distributed, with patients in the
RBC antibody group tending to be older (14.5 ± 3.0 years) than those without RBC
antibodies (11.7 ± 4.7 years) (P = 0.003).

HLA PRA and Specificity Results
HLA antibodies were detected in 25/73 (34%) subjects aged 5–20 years. Class I HLA
antibodies were detected in 24 patients, and class II HLA antibodies were detected in 3
patients (2 patients had both class I and class II antibodies). The distribution of class I PRA
results among patients with and without RBC antibodies is shown in Figure 1. High PRA
≥50% was more prevalent among patients with RBC antibodies.

For patients with class I HLA antibodies, the median PRA was 57% (range: 3–99%); for
class II HLA antibodies, the median PRA was 24% (range: 18–99%). Among those with
HLA alloimmunization, 15 (60%) had HLA antibodies with known cross-reactivity with the
Bg minor RBC antigen group. Six patients had HLA antibodies against one Bg antigen, six
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patients had antibodies to two Bg antigens, and three patients had antibodies to all three Bg
antigens.

Univariate Associations With HLA Alloimmunization
HLA alloimmunization was detected in 16 of 30 (53%) patients with RBC antibodies and 9
of 43 (21%) patients without RBC antibodies (OR 4.32 [1.55–12.05], P = 0.0041). As shown
in Table II, both RBC alloantibodies and autoantibodies were significantly associated with
HLA alloimmunization, as compared to patients without RBC immunization (P = 0.021).
Univariate analysis of other predictors of HLA alloimmunization is shown in Table III.
Other than RBC antibodies, older age was the only additional variable to show a significant
association with HLA alloimmunization; however, this finding is confounded by the
association of age with RBC antibodies. The frequency of HLA alloimmunization did not
differ significantly with gender (P = 0.63) or LR history (P = 0.26). Chronic transfusion
therapy was not associated with HLA alloimmunization, however, demonstrated significant
statistical interaction with the effect of RBC antibodies (Breslow–Day test, P = 0.013).

Multivariate Analysis
In a multivariate analysis (Table IV), RBC antibodies were the only factors associated with
significantly increased odds of HLA alloimmunization (P = 0.041). Although chronic
transfusion therapy was not an independent predictor of HLA alloimmunization, when
interaction terms were introduced into multivariate analysis (data not shown), significant
interaction was demonstrated between RBC antibodies and past chronic transfusion therapy
(P = 0.011). In stratified univariate analysis, as shown in Table V, the association of RBC
and HLA antibodies is shown to vary significantly depending upon the chronic transfusion
history (a finding that is independent of the number of lifetime transfusions). Within the
stratum of patients with a history of past (discontinued) chronic transfusion therapy, the
relationship between RBC and HLA antibodies was not significant (OR 0.33 [0.04–2.77]);
however, this association was significant for patients currently receiving chronic transfusion
therapy (OR 7.88 [1.78–34.8]), and the association was greatest among those who had never
received chronic transfusions (OR 22.5 [1.6–314.6]).

DISCUSSION
This analysis represents the first description of specific HLA antibody testing in SCD
patients using techniques to detect antibodies against both class I and class II HLA.
Fluorescence-activated sorting is a highly sensitive technique for detection of anti-HLA IgG,
with a sensitivity 20–30% greater than conventional antiglobulin-enhanced lymphocyte
cytotoxicity or ELISA assays, and false reactivity presumed near zero [30,39]. The HLA
PRA can be regarded as an estimate of the percentage of people in the general population to
which a patient may have anti-HLA alloantibodies. In combination with HLA antibody
identification, this is a clinically relevant technique that may be used to determine if a
patient is sensitized against specific transfusion or transplantation donors [37,38,40,41].
While HLA alloimmunization resulting from blood transfusion is a well-documented
phenomenon in solid organ transplant recipients, it is relatively under-recognized among
multiply transfused patients with hemoglobinopathies [42,43]. Awareness of HLA
alloimmunization in SCD is important in multiple clinical scenarios and may help to identify
individuals who will be at risk for a poor outcome from HCT due to either graft rejection or
platelet transfusion refractoriness. Additionally, in rare cases, HLA alloantibodies may play
a role in immune-mediated hyperhemolytic transfusion complications [34,44]. If HLA
antibodies with high PRA are identified in SCD patients, blood transfusion therapy could
potentially be modified by restricting blood donors to a pool of HLA-matched individuals to
decrease further HLA alloimmunization in potential transplant patients.
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The prevalence of HLA alloimmunization in SCD patients previously has been reported
only in the context of non-LR RBC transfusions, and predictive factors have not been well-
characterized [19]. In this study, the majority of patients have received exclusively LR RBC
transfusions; although a small group of patients had previously received some non-LR RBC
transfusions, it is important to note that the majority of transfusions received by these
patients were LR and that exposure to non-LR transfusions were remote or infrequent
occurrences. Thus, LR may not have had a significant influence on the frequency of HLA
alloimmunization.

This study demonstrated a significant association between antibody responses to HLA and
RBC antigens. Since the study cohort was intentionally selected in case–control fashion to
compare groups of patients with and without RBC antibodies, this analysis does not allow
for an estimate of HLA alloimmunization in the general pediatric SCD population.
However, even in the control group of patients without past RBC antibodies, the rate of
HLA alloimmunization exceeded 20%, a frequency that is high enough to consider
screening multiply transfused SCD patients who are transplantation candidates or who have
had recurrent hemolytic transfusion reactions. In contrast, large-scale studies of healthy
(non-SCD) individuals have shown that <2% of previously transfused males and nulliparous
females have HLA alloimmunization [45]. This suggests that SCD patients are at higher risk
for transfusion-associated HLA alloimmunization than some other groups of patients.

Perhaps even more significant than the overall high frequency of HLA alloimmunization
observed in this study is the observation of individuals who have not developed HLA
alloimmunization despite numerous and recent exposures to foreign HLA antigens via
transfusion. The finding that RBC antibodies are strongly associated with HLA
alloimmunization does not suggest a causal link from one to another; rather, suggests that
some individuals have immune responses that are associated with a greater risk of
alloimmunization to a broad range of foreign blood antigens. The concept of immunologic
responders is well established for RBC alloimmunization and appears to extend to HLA
alloimmunization [46,47]. What remains unclear are the factors that determine an
individual’s responder status or immunologic phenotype; however, the association of HLA
and RBC antibodies helps to further characterize patients’ responder phenotypes, allowing
investigators to seek common causative factors for alloimmunization.

In this analysis we identified individuals who appear to be highly prone to the formation of
antibodies to multiple foreign antigens (demonstrating high PRA and multiple RBC
antibodies) as well as individuals who demonstrate no alloimmunization responses despite
similar transfusion histories. Chronic transfusion therapy, while not directly associated with
HLA alloimmunization did have significant interaction with RBC antibodies, modulating the
strength of association between RBC antibodies and HLA antibodies. Interestingly, the
association between RBC and HLA alloimmunization was strongest in patients who had
never received chronic transfusion therapy. From this one might speculate that the tendency
to form both RBC and HLA antibodies is related not only to the frequency of foreign
antigen exposure but also to the clinical context in which the blood transfusion occurs.
Further large-scale investigations are needed to explore this interaction of chronic
transfusion exposure and alloimmunization to antigens encountered during RBC transfusion.

Another finding worth noting was a trend (though non-significant) toward lower rates of
HLA alloimmunization among splenectomized patients. This finding is not unexpected,
since the spleen is primarily responsible for stimulating immunologic antibody responses to
bloodstream antigens [48]. Our study is the first report to suggest an association between
splenectomy and alloimmunization in SCD patients [15,16].
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This analysis also represents the first characterization of HLA antibody specificity in SCD.
Alloimmunization to class II HLAwas rare among SCD patients, occurring in only three
children (all of whom had RBC antibodies). Since class II HLA is present only on a
restricted group of leukocytes (antigen-presenting cells and B lymphocytes), this observation
suggests that the majority of cases of transfusion-related HLA alloimmunization in SCD are
a result of exposure to class I HLA present on contaminating cells such as platelets or T-
lymphocytes or directly on the RBC surface. Bg antigens are variably expressed on the
surface of RBCs and have close homology and serologic cross-reactivity to specific class I
HLA (A2, A68–69, B7, and B57–58), thus are a possible cause of HLA alloimmunization
responses [26,27,49–51]. In this study, 60% of patients with HLA alloimmunization
demonstrated antibodies to Bg-like HLA antigens, leading us to speculate that a significant
proportion of HLA antibodies in these patients are cross-reactive with RBC surface antigens
and raising the intriguing possibility that such antibodies could result in hemolytic
transfusion reactions under select circumstances. While the identification of these antibodies
alone does not predict an adverse hemolytic transfusion reaction, previous RBC survival
studies have demonstrated a direct association between RBC hemolysis and HLA
antibodies; additionally, HLA alloantibodies have been detected in several cases of severe
DHTR in which no causative RBC antibodies are identified, supporting the hypothesis that
HLA antibodies as well as RBC antibodies may initiate DHTR [32–34,52]. Thus, gathering
data on the frequency of HLA antibodies in healthy SCD patients is an important
preliminary step to further investigations of the role that HLA antibodies may play in
hyperhemolytic transfusion reactions.

Patients who undergo periodic HLA antibody screening may demonstrate a decrease in PRA
or a loss of HLA antibody as the time from the immunologic challenge lengthens [20,53].
Thus, it is important for clinicians to recognize that multiply transfused patients with a
negative HLA antibody screen may still be at risk for subsequent adverse sequelae of HLA
alloimmunization. The cross-sectional design of this study limits generalizability to the
broader pediatric SCD population. Larger scale prospective studies are needed to identify
additional risk factors and underlying causes of HLA alloimmunization in SCD and other
multiply transfused patients, so that ultimately transfusion therapy can be individualized for
patients at greatest risk of HLA alloimmunization.
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Fig. 1.
Panel reactive antibody (PRA) results for class I HLA antibodies in patients with red blood
cell (RBC) antibodies (n = 30) and without RBC antibodies (n = 43). PRA ≥3% indicates the
presence of HLA antibodies. PRA for class I antibodies was positive in 50% (n = 15) of
patients with RBC antibodies and 21% (n = 9) of patients without RBC antibodies (P =
0.0093). High PRA >50% was more common among patients with RBC antibodies.
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TABLE I

Patient Characteristics: Comparison of Case and Control Groups

RBC antibody positive (n = 30) RBC antibody negative (n = 43) P-value

Age (years) 14.5 ± 3.0 (9.1–19.4) 11.7 ± 4.7 (3.9–20.1) 0.003

Female 12 (40.0) 20 (46.5) 0.58

Male 18 (60.0) 23 (53.5)

Lifetime number of RBC units 0.40

 <25 8 (26.7) 20 (46.5)

 25–49 4 (13.3) 4 (9.3)

 50–99 11 (36.7) 12 (27.9)

 ≥100 7 (23.3) 7 (16.3)

Chronic transfusion therapy 0.69

 Never 7 (23.3) 10 (23.3)

 Past 8 (26.7) 8 (18.6)

 Current 15 (50.0) 25 (58.1)

RBC leukoreduction (LR) history 0.10

 Exclusively LR 15 (50.0) 32 (74.4)

 Not exclusively LR 9 (30.0) 7 (16.3)

 Incomplete LR history 6 (20.0) 4 (9.3)

Past splenectomy 5 (16.6) 10 (23.3) 0.49

Days from last RBC transfusion 234 ± 446 (21–2,265) 313 ± 551 (12–2,280) 0.52

Age in years and days from last RBC transfusion are expressed as the mean ± standard deviation (range). Within each case or control group, the
number of female and male patients, the number of patients to receive <25, 25–49, 50–99, and ≥100 RBC units, the number of patients to have
never received chronic transfusion therapy or to have received chronic transfusion therapy currently or in the past, the number of patients to have
received exclusively leukoreduced (LR) transfusions or not exclusively LR transfusions, and the number of patients with splenectomy are given
with percentage of each case or control group given in parentheses. The P-value is calculated by t-test or chi-square comparison, as appropriate.
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TABLE II

Comparison of HLA Antibodies in Patients With RBC Autoantibodies and/or Alloantibodies

RBC antibodies HLA antibody positive HLA antibody negative P-value

Alloantibodies only 7 (46.7) 8 (53.3) 0.021

Autoantibodies only 5 (55.6) 4 (44.4)

Allo- and autoantibodies 4 (66.7) 2 (33.3)

No RBC antibodies 9 (20.9) 34 (79.1)

The number of patients with HLA antibodies (n = 25) and without HLA antibodies (n = 48) is shown, stratified by RBC antibody history. The P-
value is calculated by Fisher’s exact test.
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TABLE IV

Multivariate Analysis of HLA Alloimmunization in SCD

Variable Odds ratio Wald 95% CI P-value

RBC antibodies 3.61 (1.05–12.3) 0.041

Age ≥13 3.08 (0.69–13.8) 0.14

Lifetime number of RBC unitsa

 25–49 0.85 (0.05–15.5) 0.91

 50–99 8.13 (0.92–72.2) 0.06

 ≥100 2.78 (0.20–38.0) 0.44

Chronic transfusion therapyb

 Current 0.52 (0.04–6.91) 0.62

 Past 0.35 (0.03–3.97) 0.39

LR historyc

 Not exclusively LR 0.81 (0.15–4.40) 0.81

 Incomplete LR history 1.78 (0.28–11.4) 0.54

Days since last RBC transfusion 1.00 (0.999–1.002) 0.63

Splenectomy 0.25 (0.04–1.57) 0.14

LR, leukoreduction. Odds ratios (95% confidence intervals) for each predictor variable are shown.

a
Reference group: <25 units;

b
Reference group: never received chronic transfusion therapy;

c
Reference group: exclusively LR units.
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TABLE V

Interaction of Chronic Transfusion Therapy and RBC Antibodies

Chronic transfusion therapy

P-valueCurrent (n = 40) Past (n = 16) Never (n = 17)

RBC antibodies 15 (37.5) 8 (50.0) 7 (41.2) 0.73

HLA antibodies 13 (32.5) 6 (37.5) 6 (35.3) 0.95

Stratified odds ratio 7.88 (1.78–34.8) 0.33 (0.04–2.77) 22.5 (1.6–314.6) 0.013

The numbers (%) of patients in each chronic transfusion category (current, past, never) with RBC antibodies and HLA antibodies are given. The
stratified odds ratios (95% confidence interval) reflect the association of RBC antibodies and HLA antibodies within each chronic transfusion
category. The P-values for RBC antibodies and HLA antibodies are calculated by Fisher’s exact test. The P-value comparing stratified odds ratios
is calculated by Breslow–Day test.

Pediatr Blood Cancer. Author manuscript; available in PMC 2013 July 25.


